Summary
Summary
Islands of the Columbia River, and is the fourth in a series of reports prepared since 1999.
The main objective of this study was to find deepwater spawning locations of fall chinook salmon in the main Columbia River channel, collect additional data on physical habitat parameters at spawning sites, and provide estimates of adult spawners in the surveyed area. The secondary objective was to document the occurrence of any chum salmon (O. keta) redds located in the deeper sections near below Hamilton Creek.
There was a significant increase in the number of fall chinook salmon redds found The main objective of this study was to locate and map deepwater spawning areas of fall chinook salmon near the main Columbia River channel and to collect additional data on the physical habitat at spawning sites. The secondary objective was to map any chum salmon (O. keta) redds located in deeper sections in and around Ives and Pierce Islands.
Methods
The survey area for this study consisted of three different search zones located 
Pierce Is
Ives Is The boat-deployed video system consisted of a high-sensitivity remote camera (Deep Sea Model 1050) attached to a weighted platform. Recordings were made using a Sony (model GVD 7000) digital 8-mm recorder located on the survey vessel. Two highresolution monitors were used during the surveys for better viewing of the video obtained by the remote camera. An integrated video/tow cable attached to a manual winch with slip ring mechanisms was used to raise and lower the sled to the desired depth. Visual images of redds and bottom substrate were recorded using an underwater video system according to procedures described in Dauble et al. (1999) . Redds were easily distinguished from the surrounding substrate as areas of clean substrate, with a typical redd pit and tail spill shape, in contrast to areas of dark-colored (periphyton-covered)
substrate. Live fish were often observed on the video screen when redds were found. (Table 1) . To eliminate the possibility of counting a redd more than once during the two survey periods, we omitted any redds that fell within a ~ 1.8-m radius of a nearby redd.
This distance was based on an overall redd size of 10 m 2 , which is indicative of fall chinook salmon redds within the Columbia River (Burner 1951; Chapman et al. 1983; Visser 2000) . In addition, the cumulative number of redds found during both survey periods was extrapolated to estimate the total number of redds constructed within the primary search zone. These estimates were calculated by taking the total number of redds found during each of the surveys and expanding this number based on the percent coverage (assuming normal distribution) within the total search zone. The total fall chinook salmon redd estimates do not include redds found by other researchers conducting visual redd observations by boat.
Turbidity was recorded using a LaMotte (model 2008) turbidimeter. Recorded tapes were reviewed in detail at the PNNL computer lab using a high-resolution monitor.
Bathymetric data was obtained using a one-dimensional, unsteady river flow and water quality computer model MASS1 (Modular Aquatic Simulation System 1D), developed at PNNL.
Results
Initial Islands; a river flow exceeding 135 kcfs is required to effectively survey this area. The maximum depth where redds could be detected was 8.5 m during both surveys. The total area fall chinook salmon used for spawning was calculated by drawing a boundary line around the redd locations within the primary and secondary zones. The area where redds were found encompassed 6.4 ha in the primary and 2.9 ha in the secondary zone (Figure 6 ).
Pierce Is
Ives Is (Table 3 ). This estimate was based on the November survey when the maximum number of redds were found corresponding to the peak of the spawning period. * Area encompassed the survey boat track and average transect length in each survey zone based on a 1.5-m video field view along each transect.
Discussion
The 192 The maximum depth redds were detected during 2002 was 8.5 m, which was the deepest redds have been detected since the surveys began in 1999. The majority of the redds were found in water depths < 5 m. Substrate measurements made at the redd locations were predominately comprised of medium cobble (7.6 to 15.2 cm in diameter).
River flows during both the November and December surveys were similar averaging near 125 kcfs. The stable flows during the spawning period probably contributed to the redds found spread throughout the primary search zone and extending down to the secondary zone.
The total area used by adult fall chinook salmon for spawning in 2002 was 9.31 ha, which is the largest area utilized during the last 4 years of surveys by PNNL (Table   4 ). This area dose not include surveys conducted by other agencies that documented fall chinook redds in shallow water nearer the islands. 
